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Highlights 
 Stroke survivors increase walking activity over the first 6 months post-discharge. 
 Stroke survivors increase daily sitting time over the first 6-monts post-discahrge. 
 Stroke survivors spend least time in long duration and high intensity activity. 
 Interventions to target activity should be considered 3-months post-discharge. 
 
 
Abstract 
 
Stroke survivors commonly adopt sedentary activity behaviours by the chronic phase of 
recovery. However, the change in activity behaviours from the subacute to chronic phase of 
stroke is variable. This study explored the recovery of ambulation activity (volume and 
bouts) at one, three and six months after hospital discharge post-stroke. A total of 42 stroke 
survivors were recruited at hospital discharge and followed up one, three and six months 
later. At follow-up, ambulation activity was measured over four days using the ActivPALTM 
accelerometer. Measures included volume of activity and frequency and intensity of 
ambulation activity bouts per day. Linear mixed effects modelling was used to determine 
changes over time. There was wide variation in activity. Total step counts across all time 
points were below required levels for health benefits (mean 4592 SD 3411). Most activity 
was spread across short bouts. While most number of bouts was of low intensity, most time 
was spent in moderate intensity ambulation across all time points. Daily step count and time 
spent walking and sitting/lying increased from one month to three and six months. The 
number of and time spent in short and medium duration bouts increased from one to six 
months. Time in long duration bouts increased at three months only. Time spent in moderate 
intensity ambulation increased over time. No change was observed for any other measures. In 
future, it would be valuable to identify strategies to increase engagement in activity 
behaviours to improve health outcomes after stroke.  
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Introduction 
 
Ambulation, or walking activity, is known to have beneficial effects on physiological, 
psychological, sensorimotor, strength, endurance and functional recovery after stroke 1. 
However, by the chronic phase of recovery, stroke survivors commonly adopt sedentary 
activity behaviours 2. For example, after stroke, daily step counts are reported to range from 
1400 3 to 6195 4 steps/day, indicating that the overall volume of activity after stroke is mostly 
below that required for general health benefits (i.e. 10,000 steps per day) 5. However, 
observation of change in ambulation activity behaviours from the subacute (24 hours to 6-
months post-stroke) to the chronic phase (> 6-months post-stroke) of stroke recovery is 
limited and variable 4,6,7. 
 
Only three studies have reported on the changes in ambulation activity during the first six 
months following stroke. These studies report a range of findings, from no change in daily 
step counts across six weeks after hospital discharge post-stroke 4, to improvements of 
approximately 1200 steps/day (80% increase) across twelve weeks after hospital discharge 
6,7, with little change in daily ambulation activity after this time7. This variation in the 
literature is likely due to many factors, including the devices used, the time points chosen and 
measures used to characterise activity. 
 
When measures are examined, device-based measurement of ambulation activity after stroke 
has traditionally been characterised by measures of volume such as daily step counts 3,4,7,8, 
activity duration 9,10 and estimated energy expenditure 7. However more recently, the 
importance of capturing the spread of activity across the day has been highlighted 11. 
‘Ambulation activity bout’ metrics provide detailed information regarding variations in 
activity across the day 12,13 and are used to investigate characteristics such as the frequency 
and intensity of ambulation activity after stroke 11-13. To date, only one study has investigated 
changes in ambulation activity bouts over time, and this was limited to the first six weeks 
following stroke 4. Greatest recovery is observed in the first three to six months following 
stroke 14, thus investigation of how characteristics of ambulation activity change across this 
timeframe is required. This may assist in understanding how stroke survivors develop 
sedentary activity behaviours 2. Thus, the purpose of this study was to characterise 
ambulation activity (volume and bouts) and investigate how it changes across one, three and 
six months after hospital discharge post-stroke.  
 
 
Methods 
 
This was a prospective, longitudinal observational study, approved by institutional ethics 
committees. All participants provided written informed consent.  
 
Participants 
 
Participants were recruited consecutively from the acute stroke and rehabilitation units at The 
Prince Charles Hospital, Brisbane, Australia, if they were (1) diagnosed with a stroke within 
the preceding 4 months; (2) aged > 18 years and (3) discharged into the community. 
Individuals were excluded if they had (1) another neurological condition or co-morbidities 
that limited ambulation prior to stroke; (2) unstable medical conditions, chest pain, heart 
attacks, angioplasty or heart surgery in the previous three months; (3) were discharged to a 
residential aged care facility; (4) moderate to severe expressive or receptive communication 
difficulties; or (5) scored < 24/30 on the Mini Mental State Examination (MMSE) 15.  
 
Procedures 
 
Participants were recruited prior to discharge from hospital. Demographic and routine clinical 
discharge measures of walking capacity, including comfortable gait speed over 10m16 and 
distance walked over 6-minutes17 were collected. At one, three and six months, participants 
returned for a follow-up assessment where an accelerometer, the ActivPALTM (PAL 
Technologies Ltd©, Glasgow, UK) was applied to record usual daily ambulation activity. 
The ActivPALTM accelerometer was worn continuously by participants for four complete 
days, which is deemed sufficient for measurement of habitual activity 18. It was encased in a 
water-proof casing and affixed to the skin in the middle of the anterior thigh of the non-
hemiparetic leg. The ActivPALTM has been deemed valid and reliable in people following 
stroke 19. 
 
 
Measures of ambulation activity 
 
Measures of ambulation activity were categorised according to volume, frequency and 
intensity and based on previous studies in stroke populations. An  ‘ambulation bout’ was 
defined as any 15-second data epoch with at least two steps 4,12,13. Volume of ambulation 
activity was determined using measures of total number of steps per day and total time in 
minutes per day spent sitting/lying, standing, walking and in upright positions. Frequency of 
ambulation activity was determined using total number of bouts and time in minutes spent at 
each ambulation bout duration (short, medium and long) 4,11. Ambulation activity bout 
duration was defined as  – short: any bout with < 40 steps; medium: any bout with 41-300 
steps; and long: any bout with > 300 steps 11. Intensity of ambulation activity was determined 
based on the number of bouts and daily time spent in ambulation activity bouts of low, 
moderate and high intensity 4. Ambulation activity bout intensity was defined as – low: any 
bout with a cadence of < 30 steps/minute; moderate: any bout with a cadence of 30-80 
steps/minute; and high: any bout with a cadence of > 80 steps/minute.  
 
 
Data analysis 
 
A priori power analysis indicated that a sample size of 32 stroke survivors would be 
sufficient to determine change in the number of steps taken per day 6 with a power of 0.8 and 
alpha of 0.05. Thus, a 42 stroke survivors were recruited (allowing for 10 dropouts). Activity 
data were downloaded from ActivPALTM devices using PAL software. A customised 
MATLAB (Mathsworks, Natick, MA) program was used to calculate daily ambulation 
activity measures, with averages per day used in the final analysis.  
 
Data were screened and when variables did not meet assumptions of normality, ambulation 
activity data were transformed using the square root/log transformation (positive skew), or 
reverse square root/log function (negative skew)20. The sample was characterised by 
calculating means and standard deviations for all continuous variables and frequency for all 
categorical data. Linear mixed effects models were used to determine changes in walking 
capacity over the three time points 21. To determine differences in characteristics between 
included participants and dropouts, Mann-Whitney U tests were used for non-parametric and 
ANOVAs for parametric data. 
 
Descriptive statistics were completed for all volume, frequency and intensity measures for all 
time points. Linear mixed effects models were used to test for changes in activity across one, 
three and six months 21. Models were adjusted for age and discharge gait speed. Age has been 
recognised as a significant predictor of functional recovery 22, and gait speed is a predictor of 
free-living activity in people with chronic stroke 23. Significance was set at p < 0.05 and 
SPSS 21.0 was used for all statistical calculations.  
 
Results 
 
Participants 
 
Forty-two stroke survivors were recruited at hospital discharge. Prior to one month follow-
up, six participants withdrew or were lost to follow-up. Thus, a total of 36 participants were 
included in the final analysis. Flow of participants through the study is presented in Figure 1. 
No significant differences were observed between participants included in the analysis and 
those who withdrew or were lost to follow-up (p ≥ 0.063) at all time points.  
 
Characteristics of participants included in the final analysis are detailed in Table 1. There was 
no change in gait speed (p > 0.117) or endurance (p > 0.067) across all time points.  
 
Insert Figure one here 
 
Insert table one here 
Characteristics of ambulation activity  
 
Untransformed measures of ambulation activity are presented in Table 2. Stroke survivors 
demonstrated a range in all measures of activity at all time points. There were no significant 
differences in the number of weekdays and weekends that fell within the measurement period 
across all time points (p > 0.057). 
 
Insert table 2 here 
 
Stroke survivors took on average 4600 to 5000 steps per day, with a range of 148 to 17,686 at 
the three time points (see Table 2). A majority of their day was spent in sitting/lying positions 
(~19 hours), spending just around one hour walking (ranging from 10 minutes to 3 hours) and 
4 hours in upright positions (ranging from approximately 2 to 8 hours) per day.  
 
Ambulation activity was spread across an average of 142 to 151 bouts per day (see Table 2). 
Most ambulation bouts (85%) were short in duration (<40 steps) at all time points, with 15% 
of all bouts being of medium duration (40-300 steps) and only 1-2 long bouts taken each day. 
At all time points, around 14-16% of stroke survivors did not engage in any long ambulation 
bouts across the four days. A similar pattern was observed for proportion of time spent in 
short, medium and long duration bouts per day across the three time points, with 
approximately half of total walking time spread across short duration ambulation bouts.  
 
When intensity was investigated, most ambulation bouts were low in intensity (< 30 steps / 
minute) (see Table 2). However approximately half of total walking time was of moderate 
intensity. Least time was spent in high intensity (> 80 steps more minute) ambulation bouts 
across all three time points. 
 
Changes in ambulation activity across one, three and six months 
 
Mean change in ambulation measures following transformation and adjustment for age and 
discharge walking capacity across one, three and six months are shown in Table 3. Increased 
age had a negative effect on the rate of recovery of all measures of ambulation activity over 
time (p < 0.042). Discharge gait speed had no effect on the rate of recovery of all ambulation 
activity measures.  
 
Stroke survivors demonstrated an increase in daily step counts and time spent walking from 
one month to both three and six months following hospital discharge (p < 0.013, Table 3). 
They also demonstrated increased time spent sitting/lying from one month to both three (p = 
0.038) and six months (p = 0.007). No significant change was observed for total time spent 
standing or in upright positions over time.  
 
The frequency of ambulation activity increased from one month to three months through time 
spent in long duration bouts only (p = 0.007). However, at six months, frequency of 
ambulation activity increased via number of and time spent in short (p < 0.010) and medium 
(p < 0.012) duration bouts (see Table 3). There was no change in long duration bouts at six 
months (p = 0.080).  
 
The intensity of ambulation activity did not change over time except for an increased daily 
time spent in moderate intensity ambulation bouts from one month to both three (p = 0.003) 
and six months (p = 0.006, Table 3). There was no change in the number of ambulation bouts 
at low, moderate or high intensity and also in total time spent in low and high intensity 
ambulation bouts over time after discharge (p > 0.115).  
 
Insert table 3 here 
 
 
Discussion 
 
This study is the first to characterise ambulation activity behaviours (volume and bouts) 
across the first six months following hospital discharge after stroke. Overall, total daily 
ambulation activity was low, and most ambulation bouts were short in duration and low in 
intensity. Daily steps and time spent walking increased from one month following hospital 
discharge through an increase in long duration bouts at three months and both short and 
medium duration bouts at six months. Paradoxically, daily sitting time increased over the first 
six months following discharge post-stroke. Stroke survivors demonstrated no change in low 
and high intensity ambulation bouts over time. This study demonstrated that characteristics of 
ambulation activity that recover over time might be different at three and six months after 
discharge, and is the first to report that people with mild to moderate stroke may continue to 
increase ambulation activity at six months of returning home, albeit not through beneficial 
activity behaviours (i.e. long duration and high intensity bouts).  
 
The current sample of stroke survivors engaged in ambulation activity similar to that reported 
in sedentary older adults 24 and below required levels for health benefits 5. Recommendations 
for daily activity suggest a minimum of 30 minutes of moderate intensity activity per day, 
spread across bouts of at least 10 minutes in duration, with a range of 75 to 150 minutes per 
week in ‘vigorous’ or high intensity activity 25. While stroke survivors increased daily 
ambulation activity through bouts of short, medium and long duration and of moderate 
intensity, most ambulation bouts were short in duration (< 40 steps) at all time points. Thus, 
they may not have reaped health benefits associated with moderate intensity ambulation 1.  
Also, stroke survivors demonstrated low engagement in long duration and high intensity 
ambulation at all time points. While they increased their time in long duration bouts at three 
months, this was not maintained at six months and was still below that required for health 
benefits. This suggests that low engagement in long duration and high intensity ambulation 
may commence early after hospital discharge. This has negative health implications for a 
group at risk of cardio-metabolic disorders and recurrent stroke 1. 
 
This study contributes to the limited findings on ambulation recovery across the subacute 
phase of stroke, providing further evidence that volume of activity can improve over this time 
6,7. Contrary to previous reports of a plateau in ambulation activity recovery at six months 7, 
the current study demonstrated a greater improvement in ambulation activity between one 
and six months than between one and three months after hospital discharge. These findings 
may be due to the different statistical methods employed in the current study (e.g. adjustment 
for age and discharge gait speed), or the different measures used to characterise ambulation 
activity (e.g. bouts). This upward trajectory across a number of measures may indicate 
potential for further improvement in activity levels after six months following hospital 
discharge post-stroke, however further investigation is required to confirm this supposition.  
 
This study also provides some preliminary evidence in support of a change in the recovery of 
ambulation activity characteristics over time after hospital discharge post-stroke. It appears 
that stroke survivors may initially increase activity by undertaking more long duration (>300 
steps) walking bouts from one to three months. However, after three months, stroke survivors 
may increase activity by performing more bouts of shorter duration (< 300steps). Also, these 
increases in ambulation activity occurred despite no change in walking capacity over this 
time period. After hospital discharge, factors other than walking capacity may contribute 
activity behaviours. Thus, three months following hospital discharge may be an important 
time to encourage beneficial activity behaviours including long duration or high intensity 
ambulation after stroke.  
 
Another important finding in the current study was the increase in daily sitting time over the 
first six months following discharge. Previous studies have shown that people with chronic 
stroke spend a large proportion of their waking hours sitting each day 26 and around half of all 
sitting time is accumulated in bouts greater than 30 minutes 26. The relationship between 
increased daily sitting time (especially prolonged sitting time) and risk of cardiovascular 
disease, diabetes and early mortality is well documented 27. It is possible that prolonged 
sitting and sedentary behaviours start early after stroke survivors return home. In future, 
investigation of activity behaviours after stroke should also include measurement of 
sedentary behaviours such as sitting2,27 and physical activity interventions should also target 
reducing daily sitting time to reduce risk of chronic disease in this group 28.  
 
 
There were a few limitations to this study, including the number of stroke survivors who 
were lost to follow-up at six months. However, there were no significant differences between 
participants included in the analysis and those lost to follow-up. Further, the mixed effects 
modelling procedure accounts for missing data at various time points. In addition, while 
definitions of ambulation bouts and intensity used in the current study were derived from 
earlier studies in stroke 4,11, these have not yet been formally validated in people with stroke. 
In healthy adults, cadence is strongly related to activity intensity 29. However, after stroke, 
the relationship between walking cadence and metabolic load may be different 30, thus 
warrants investigation.  
 
Conclusions 
 
Stroke survivors demonstrate low levels of ambulation activity after hospital discharge. The 
majority of ambulation bouts were short in duration and low in intensity after discharge. 
Stroke survivors demonstrated an increase in volume of steps and time spent walking; 
number and time spent in short and medium duration ambulation bouts; and time spent in 
moderate intensity walking from one to six months after hospital discharge. They increased 
daily time in long duration bouts at three months, but this was not maintained at six months 
after discharge. Further, there were no improvements in high intensity ambulation across the 
first six months of returning home. In future, it would be valuable to identify strategies to 
increase engagement in and maintenance of activity behaviours to improve health outcomes 
after stroke.  
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Figure 1: Flow of participants  
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Table 1. Sample characteristics for included participants.  
 
n =36 
Age (mean ± SD), years 71.0 ± 13.7 
Total length of hospital admission (mean ± SD), days 33.9 + 23.0 
Length of stay in rehabilitation (mean ± SD), days 24.0 ± 21.3 
Number of participants discharged from Acute stroke unit (n,%) 6, 16.7 
Sex (n/% males) 25/69.5 
Hemiplegia (n/%)  
Nil 8/22.2 
Left 6/16.7 
Right 21/58.3 
Bilateral 1/2.8 
Carer (n/%with) 18/50 
Therapy following discharge (n/%)  
Nil therapy received 16/44.4 
Community-based therapy 6/16.7 
Home-based therapy* 12/33.3 
Temporary residential care-based therapy 1/2.8 
Modified Rankin Scale score / 6 (median, IQR) 2, 2 
Motor Assessment Scale item 5 score / 6 (median, IQR) 6, 2 
Stroke Impact Scale  
Impairments (mean + SD score out of 135) 110.9 + 12.7 
Activity limitations (mean + SD score out of 120) 102.9 + 18.2 
Participation restriction (mean + SD score out of 40) 29.9 + 10.6 
10MTW (mean ± SD), m/s 0.99 ± 0.4 
6MWT (mean ± SD), m 362.8 ± 167.8 
 
10MTW: Timed 10 metre walk, 6MWT: 6-minute walk test, *refers to allied health and/or nursing services 
delivered within the home after discharge 
Table 2. Volume, frequency, and intensity measures of ambulation activity at 1, 3 and 6-
months post discharge (untransformed and unadjusted) 
 
 
1-month  3-months  6-months 
 
mean±SD mean±SD mean±SD 
Volume   
  
Step count (counts)* 4592+3411 4623+2735 4946+3732 
Time spent walking (min) * 61.5+37 63.4+33 63.4+42 
Time spent standing (min) 188.1+94 191.9+72 188.5+68 
Time spent sitting/lying (min) * 1188.9+115 1184.5+90 1188.1+92 
Time spent upright (min) † 249.7+114.1 255.2+90.8 251.9+92.4 
Frequency    
Frequency of bouts † 142.0+65.1 151.4+59.6 141.6+60.8 
Frequency of short bouts * 123.6+54 126.4+46 116.3+47 
Frequency of medium bouts * 20.1+15 23.2+16 23.4+16 
Frequency of long bouts  1.8+3 1.5+2 1.9+2 
Time in short bouts (min) * 56.2+25.4 58.3+22 52.6+23 
Time in medium bouts (min) * 34.3+25 39.4+28 38.4+28 
Time in long bouts *  16.7+24 13.9+15 17.4+25 
Intensity    
Frequency of low intensity bouts  83.8+40 83.4+31 74.3+33 
Frequency of moderate intensity bouts * 58.9+33 64.7+33 63.2+35 
Frequency of high intensity bouts  3.6+3 3.2+3 4.1+4 
Time in low intensity bouts (min) 40.6+20 41.4+18 36.6+19 
Time in moderate intensity bouts (min)* 52.6+37 60.4+34 55.6+36 
Time in high intensity (min) 14.1+18 9.9+14 16.3+24 
 
* indicates a significant overall effect of time on change in activity when adjusted (p < 0.05), † indicates a trend 
towards time having an overall effect on change in activity when adjusted (p = 0.05 – 0.99).  
   21 
Table 3: Changes in ambulation activity across 1, 3 and 6-months (values are transformed and adjusted for age and discharge gait speed) 
 
 
 Month 1 to month 3 Month 1 to month 6 
 Fixed 
effect 
p-value 
Mean 
change 
95% 
confidence 
interval 
p-value‡ 
Mean 
change 
 
95% 
confidence 
interval 
p-value ‡ 
Volume 
       
Step count *§ 0.013 85.2 20.2 to 150.3 0.013 107.9 36.0 to 179.9 0.005 
Time spent walking *§ 0.012 10.1 2.8 to 17.5 0.009 12.6 4.2 to 21.0 0.005 
Time spent standing § 0.198 9.2 -6.3 to 24.7 0.237 14.3 -1.7 to 30.2 0.078 
Time spent sitting/lying * | | 0.028 20.3 1.2 to 39.5 0.038 28.1 8.1 to 48.0 0.007 
Time spent upright †§ 0.067 13.5 -2.4 to 29.4 0.093 19.3 3.1 to 35.5 0.021 
Frequency        
Number of bouts † 0.070 236.1 -74.7 to 546.9 0.131 341.9 52.7 to 631.1 0.022 
Number of short bouts *§ 0.037 10.5 -0.6 to 21.8 0.063 14.7 3.8 to 25.7 0.010 
Number of medium bouts*§ 0.011 2.9 -3.3 to 9.1 0.313 8.5 2.0 to 15.0 0.012 
Number of long bouts §  0.106 3.5 0.0 to 6.9 0.048 3.4 -0.2 to 7.1 0.061 
Time in short bouts *§ 0.035 7.6 -0.2 to 15.4 0.055 10.7 2.8 to 18.5 0.009 
Time in medium bouts *§ 0.014 3.9 -4.0 to 12.6 0.319 12.2 3.1 to 21.3 0.010 
Time in long bouts *# 0.027 3.4 1.0 to 5.7 0.007 2.3 -0.3 to 4.9 0.080 
Intensity        
Number of low intensity bouts§  0.152 8.8 -1.7 to 19.3 0.099 9.2 -0.3 to 18.8 0.057 
Number of moderate intensity bouts 0.115 78.7 -50.0 to 207.4 0.219 167.1 8.3 to 325.9 0.040 
Number of high intensity bouts§ 0.135 4.8 -0.0 to 9.7 0.052 4.8 -0.4 to 10.0 0.068 
Time in low intensity bouts § 0.125 7.2 -0.3 to 14.4 0.075 7.1 -0.8 to 15.2 0.058 
Time in moderate intensity *§ 0.008 12.3 4.8 to 19.9 0.003 15.5 4.9 to 26.1 0.006 
Time in high intensity bouts §  0.399 2.8 -6.0 to 11.7 0.519 4.8 -2.5 to 12.1 0.182 
 
* indicates a significant overall effect of time on change in activity when adjusted (p < 0.05), † indicates a trend towards time having an overall effect on change in activity 
when adjusted (p = 0.05 – 0.99), ‡ LSD pairwise significance, §SQRT transformed result, | | reverse SQRT transformed result, # log transformed result.  
